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Abstract

This study investigates how successful 1deas are developed bv clickworkers, 1.2 freelancers
who utilise workplace online platforms to create, modify and evaluate i1deas. The existing
literature suggests that idea generation outcomes are not only a product of individual level
factors (such as participants’ experience, intelligence and accessibility to idea-related
information), but are also a product of collective ideation activities that take place among
participants. However, it has been noted that collective ideation activities among participants
through modern IT remains under-studied. In particular, we know little about IT-enabled
ideation and innovation performed by increasingly popular labour markets (Boudreau and
Lakhani, 2009) by clickworkers. This research aims to address these gaps by investigating
influence of collective ideation activities such as collective 1dea creation, voting and ranking

of 1deas on 1deation outcomes.

The research context of this dissertation is Codigital, an ideation platform that enables
collective creation, editing, voting and ranking of ideas. Based on the results of social
network analysis and regression modelling, the findings provide insight into which
participant ideation behaviours are beneficial and which are not, by suggesting that: (a)
participant isolation, which means participants engage in ideation activities individually
rather than collectively with other participants, has a negative influence on 1dea quality; (b)
participants inactivity, which means participants rarely engage in ideation activities, hag
positive influences on idea quality; and (c) centralities, which represent the connectivity

among collective ideation activities, have positive influences on idea quality.



1. Introduction

Clickworkers, defined as people who carrv out routine required tasks for an online project
(Kanefsky et al., 2001), are considered a category of the labour market and also a form of
crowdsourcing (Boudreau and Lakhani, 2009, Idea generation (also referred to as “tdeation’™)
15 defined as exposure to and acquisition of relevant information (Bjork and Magnusson,
2009} that provides possible solutions to a problem (Girotra et al., 2010). There are benefits
of using clickworkers for this purpose; however, it remains unclear how exactly clickworkers
contribute 1dea quality and ideation processes durning idea creation and evolution
(Morschheuser et al_ 2017). Thus, this research investigates how successful ideas are

generated by clickworkers through collective 1deation activities on an online platform.

The following three research gaps motivate and set the boundarv for this study. First,
previous studies on ideation have emphasised the importance of individual 1dea contributors
in generating successful ideas, while downplayving the role of idea co-creation as a collective
process (Shallev, Zhou, and Oldham 2004; Zhou and Shalley, 2010}, Second, where the
collective interaction-based approaches to 1dea generation have been considered (Tsoukas,
2009; Anderson et al, 2014), they have mainly privileged the studv of how ideas are
proposed by multiple participants, thus neglecting the evolution of 1deas based on collective
processes such as idea editing, combining and voting for better ideas (Harvey and Kou, 2013;
Perrv-Smith and Mannuce1, 2017). Third, while previous studies have increasingly
acknowledged the important capabilities of information technology (IT), such as online
platforms, in improving idea quality during the idea generation process (Majchrzak and
Malhotra, 2013; Nakatsu et al., 2014; Nambisan and Baron, 2010; Perrv-Smith and
Mantwweet, 2017), there 13 a lack of detailed knowledge about what factors affect the

successful collective generation of 1deas on online platforms.



Furthermore, contemporary IT has been widely applied to facilitate idea generation in
business innovation (Perry-Smith and Mannucer, 2017). IT enables organisations to involve a
variety of actors from both within and bevond organisational boundaries (Chesbrough 2003;
McMillan and Owerall, 2016). Thus, online 1dea generation provides an online environment
for creating, developing, voting on and moderating ideas, rather than sumply connecting
participants to collaborate on 1dea generation (Majchrzak and Malhotra, 2013; Nakatsu et al_,
2014). Additionally, idea generation on online platforms also helps to increase the number
and diversity of generated ideas, since it potentially increases knowledge recombination
through bridging different individuals and sub-groups (Nambisan and Baron, 2010), and also
manipulates the identities of contributions to overcome potential hiases (Gibson and Gibbs,
2006; Huizingh, 2011; West and O Mahony, 2008; Van De Vrande, Vanhaverbeke and
Gassmann, 2010). However, despite increasing interest in this area, our knowledge of what
factors affect the successful collective generation of ideas on online ideation platforms

remains lunited.

This research aims to address the above gaps by exploring collective ideation activities
among clickworkers (1.e. participants in idea generation projects) using a platform called
Codigital (www.codigital.com). Codigital 13 a cutting-edge IT ideation platform that enables
large groups of participants to generate, prioritise and refine ideas. As an online idea
generation platform, the Codigital ideation tool consists of user interface, data process and
storage system, and an artificial intelligence program. In idea generation projects, ideas are
proposed online by individual participants. Thev then collaborate and compete to combine
ideas together into better ideas. The Codigital ideation tool consists of five parts, ‘add ideas’,

‘edit ideas’, “vote edits’, “vote ideas’, and ‘rank ideas’. These five parts are consistent with



previous theories suggested that ideation process i3 creation, modification, voting, and
selection (Lindic, et al., 2011; Majchrzak and Malhotra, 2013; Nakatsu et al._ 2014). Idea
creation 15 represented by ‘add ideas’ in the Codigital ideation tool. Idea modification
consists of “edit ideas” and “vote edits’. Idea voting iz “vote ideas’ and idea selection 1s
through ‘rank ideas’. Users vote on pairs of 1deas. This process is repeated, and statistical
analvsis of all these idea pair competitions identifies the best ideas. In this way, Codigital
provides an opportunity to explore the influencing factors of collective ideation activities
among participants in the context of IT-enabled idea generation, which 1s important from

both theoretical and practical perspectives.

In particular, this studv argues that ideation with clickworkers represents a particularly open
process and enables a high level of openness with regard to entrance requirements_ participant
inclusion, and idea selection, editing and voting. In this regard, ideation with clickworkers
enables the capturing of collectively shaped inzights and innovative developments on a broad
range of questions (rather than requiring specific expertise) from a wide range of diverse
actors whose participation in ideation 15 valuable bevond the idea generation phase (1.e.
participants can modify, edit and evaluate 1deas). As a representative of such broad questions
and open participant contributions, this research analvses clickworkers’ ideation at the
following two projects: Project 1 "What should our global New Year resolutions be?” (with
83 participants) and Project 2 “What measures would yvou recommend to ensure the safety of

voung people on social media?’ (with 325 participants).

This research applies network analvsis to conceptualise participant collective interactive
activities and behaviours as networks consisting of ideas (as nodes) and collective ideation

activities including votes and edits (as ties connecting those nodes). In other words, this



research analyses each idea generation project as a network; the nodes are i1deas and ties are
collective ideation activities among them through the project by using the Codigital platform.
Diata about the collective ideation activities among idea generation participants are recorded
by the Codigital ideation platform. The data provides the basis for the network structure

analvsis and regression modelling to reveal collective ideation activities in idea generation.

The results of this study provide valuable information about clickworkers in online ideation
and. in particular, about their behaviours when engaged 1n 1deation. This study fills the three
research gaps mentioned above. The results of thiz study show the influences of (a)
participants’ isolation; (b) participants’ inactivity; and (c) centralities in idea quality. First,
findings related to participants’ isolation show that participants engage in ideation activity
individually rather than collectively with other participants, which can significantly reduce
idea quality. Second, findings related to participants’ inactivity show that participants who
engage less frequently in ideation activities contribute more to idea quality. Third, findings
related to centralities show that ideas connected by collective ideation activities are of better
quality. The results of this study can increase understanding of collective IT-mediated
ideation as well as of factors influencing the quality of collective idea generation. In
particular, the findings increase our understanding of which kinds of participants and which
kinds of collective 1deation activities can influence online ideation outcomes. These include
the negative influence of participants’ isolation on idea quality; the positive influence of

participants’ inactivity on idea quality; and the positive influence of centrality on idea quality.

This study opens with a literature review, which presents the relevant theories in the area of
online ideation and the use of online platform and clickworkers (Section 2). Then, the

theoretical framework and research questions are established (Section 7). In order to answer
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the proposed research questions, network analysis 1z discussed in the methodology section
(Section 3). The findings are presented and discussed in Sections 4 and 5. Finally, Section 6,

7 and § provide implications, limitations and future research directions, and a conclusion.

2. Literature review: idea generation and idea generation online platforms

2.1. Collective idea generation

As mentioned in the Introduction, idea generation 1s defined as exposure to and acquisition of
relevant information (Bidrk and Magnusson, 2009). Exposure to information entails seeking
and recerving information (George, 2007); this 1s also considered a person’s accessibility to
relevant information about ideas. The acquisition and recognition of information (Anderson
et al., 2014) relies on a person’s knowledge about the subject area and their familiarity with
information related to the idea. Thus, ideas are generated in a process of seeking, receiving,
recognising, and modifying information. Idea generation also implies the application of
experiences, intelligence and accessibility to 1dea-related information (Hargadon, 2006). The
possibility of individuals to generate ideas i1z a result of experiences, intelligence and
accessibility to related information flows. To summarise, the results of individual idea
generation can be influenced by two factors: (a) the individual’s experiences, intelligence and
accessibility to related information; and (b) the acts of seeking, receiving, recognising and
modifying information. However, idea generation is more than an individual process. For
example, ideas in the context of business innovation are not only about improving products
and services, but are also about new business models, new market opportunities, new supply
sources, new ways of production and new wavs of organising tasks. These innovations stem
from a set of potential sources both inside and outside the organisation, such as emplovees,

partners, collaborators, independent inventors and customers {Cooper and Edgett, 2007).
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In this research, idea generation 1z defined as a sequence of activities: seeking, receiving,
recognising, and identifying information (George, 2007; Bjork and Magnusson, 2009;
Anderson et al., 2014), which can proceed not only at the individual and but also the
collective level Collective idea generation consists of co-creating i1deas and then combining
participants’ ideas together into new ideas (Harvey and Kou, 2013). Studies in this area have
focused on analysing the connections between participants’ ideas (Perrv-Smith and
Mannucei, 2017) and the combmation of participants” 1deas into new ideas (Hargadon, 2006;
Kimble et al, 2010). Previous research suggests that ideas are co-created collectively
(Harvey and Kou, 2013) by exploring the new intersections between already existing
knowledge areas (Hargadon, 2006). High-qualitv innovation ideas are usually generated
collectivelv rather than individually (Perryv-Smith and Mannuecei, 2017). Connectivity among
participants’ ideas 1s positively associated with creativity i mmnovation (Bjork and
Magnusson, 2009). Thus, idea co-creation 13 considered to be a way to improve the quality of
ideas. This 1s especially true today; given the development of information svstems and online

platforms, collective co-creation can take place in online environments.

Previous studies have provided explanations of how successful ideas are generated based on
two kev approaches, the componential theorv of creativity and the interactionist theory of
creativity. The componential theory of creativity has focused on explaining who contributes
to idea generation results (Amabile, 1997; Amabile and Cont1, 1999). This theory suggests
that ideas are generated by people with expertise, creative-thinking skills and motivation. As
a result, research in this area (Shalley et al., 2004; Zhou and Shallev, 2010) has explained that
individual knowledge and psychological mechanisms are the most influential factors on the

results of idea generation. However, such explanation emphasises they key role played by a



12

few individuals with experience, intelligence, accessibility to related information, and the
ability to seek, receive, recognise and identifyv information. This suggests that none of these
factors 15 easily manageable and easily mmproved in the short term during idea generation
projects (Bjork and Magnusson, 2009). In this regard, research has increasingly called for a
need to find a new way of understanding and managing the idea generation process (Perryv-
Smuth, 2006; Shalley, Zhou and Oldham 2004; Zhou and Shalley, 2010). Thus, idea co-
creation has been suggested as a way to improve creativity in idea generation (Litchfield and
Gilson, 2013). Since previous studies have acknowledged that collective co-creation of 1deas
15 associated with higher value (Bjérk and Magnusson, 2009; Anderzon et al., 2014; Perry-
Smith and Mannueci, 2017), 1t is necessary to increase understanding of how ideas can be
created collectively in a more efficient way. However, the componential theory of creativity
has not vet provided many insights into what factors, bevond individual experiences,
intelligence, accessibility to information and skills 1n managing 1t, make a collective 1dea co-

creation successful.

In contrast, the interactionist theoryv of creativity highlights the fact that the results of idea
generation depend not only on participants’ experiences, intelligence, and accessibility to
idea-related information (Lingo and O'Mahony, 2010; Afuah and Tucci, 2012), but are also
co-shaped by the collective and interactive activities and behaviours among the participants
(Teoukas, 2009; Anderson et al., 2014). Thus, 1idea generation consists of a combination of
individual activities, such as proposing ideas. and collective activities, such as editing,
combining and voting for better ideas (Harvey and Kou, 2013; Perry-Smith and Mannueey,
2017). However, current research in idea generation online platforms has focused on how

ideas are created rather than on how they evolve (Simula and Ahola, 2014; McHugh et al |
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2016; Schemmann, et al., 2016), thus neglecting an important aspect of idea generation, that

it 15 co-shaped by the collective and interactive participants” activities.

To summarise, previous research has provided different explanatory approaches (eg.
componential and interactionist theories of creativity) to explain how successful ideas are
generated and focused on explaining ideation at the organisational, team and mndividual levels
(Anderson et al, 2014). While research has suggested that collective ideation activities,
including voting and co-editing, are potentially important for ideation (Tsoukas, 2009; Suh et
al, 2011; Perry-Smith and Mannucei, 2017), little 15 known about how these collective
ideation activities influence the outcome of idea generation on IT-mediated platforms. To
address these gaps, this research focuses on i1dea evolution and recombination enabled by
modemn IT, an area still under-theorised, and on how successful ideas are generated by
individuals and then evolve through online collective activities on an online ideation

platform.

2.2, Idea generation on online platforms

Contemporary [T has been widelv applied to facilitate idea generation in business innovation
(Perry-Smith and Mannucei, 2017). IT enables organisations to involve a variety of actors
both from within and bevond organisational boundaries (Chesbrough 2003; McMillan and
Owverall, 20168). IT helps in many ways. Online i1dea generation provides an online
environment for creating, developing, voting on and moderating 1deas instead of simply
connecting participants to collaborate in idea generation (Majchrzak and Malhotra, 2013;
Nakatsu et al | 2014). Additionally, idea generation on online platforms also helps to increase
the number and diversity of generated ideas, since it potentially increases knowledge

recombination through bridging different individuals and sub-groups (Nambisan and Baron,
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2010}, and also manipulates the identities of contributions to potentially overcome various
biases (Gibson and Gibbs, 2006; Huizingh, 2011; West and O Mahonv, 2008; Van De
Vrande, Vanhaverbeke, & Gassmann, 2010). However, despite increasing interest in this
area, our knowledge about what factors impact successful collective generation of ideas on

online platforms remains limited.

Idea generation online platforms are software tools and/or infrastructures for sharing and
generating ideas through the Internet (Dodgson, et al., 2006; Majchrzak and Malhotra, 2013).
As a software tool and infrastructure system, an idea generation online platform usually
consists of a user interface, a data and storage svstem, and in some cases, an artificial
intelligence program (Lindic, et al, 2011; Maciuliene and Skarzauskiene, 2011). Idea
generation online platforms are usually designed for idea crowdsourcing, which includes the
ability to broadcast a call for relevant expertise and to search for ideas (Felin et al., 2017).
Instead of simply connecting participants to collaborate in idea generation, idea generation
online platforms provide an online environment designed for creating, developing, voting and
moderating ideas (Majchrzak and Malhotra, 2013; Nakatsu et al., 2014). This i1z shown in

Figure 1.

Figure 1

Collective ideation process

Idea

Idea

Idea modification

selection

creation

As Figure 1 illustrates, ideas on 1dea generation online platforms are created individually at

first, and are presented and visualised using text and pictures (Dodgson et al., 2006). Then,
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the 1deas are modified and improved through collaboration among participants (Lindic et al.,
2011). Each participant’s idea competes with those of others through voting (Lindic et al |
2011; Majchrzak and Malhotra, 2013). Finally, ideas are moderated and ranked in order to be
selected (Majchrzak and Malhotra, 2013). The effectiveness of an idea generation online
platform 1s based on how well participants collaborate to refine 1deas and on how well 1deas
compete with each other (West and O Mahony, 2008). Thus, research 1z needed on how 1deas

evolve after thev are created on 1dea generation online platforms.

To summarise, 1deas are created individually and evolve collectively on idea generation
online platforms. Ideas are created by individual participants and then evolve through re-
combinations, editing, and wvoting (Maciuliens and Skarzauskiene, 2011). In this light,
ideation simultaneously encourages collaboration and competition in refining ideas. Thus,
idea generation online platforms need to be designed not only to facilitate competition in
creating ideas individually but also to encourage collaboration in refining those 1deas. While
studies (Dodgson et al., 2006; West and O'Mahony, 2008; Lindic et al., 2011; Majchrzak and
Malhotra, 2013) on idea generation online platforms provide details on how ideas are created
and modified, little iz known about how ideas evolve after they are created. Participant
involvement in 1dea evolution (e.g. through voting and editing 1deas of others) might impact

the ideation process in general and the quality of created 1deas in particular.

2.3. Towards an understanding of participant contributions on online idea generation

platforms

This section discusses how participants can be involved and contribute to collective ideation
on idea generation platforms. It also provides insights into how participants” online collective

activities influence idea qualitv. This includes the characteristics of clickworkers (Section
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2.3.1); participant involvement based on engagement into idea generation (Section 2.3 .2); and

participant involvement based on a person’s embeddedness to the network (Section 2.3 3).

2.3.1. The role of clickworkers in online collective idea generation

This section compares clickworkers with other forms of crowdsourcing and then presents the
research questions. Clickworkers, as previously defined, are individuals working on an online
project and doing routine required tasks. In the context of online ideation, the term
‘clickworkers’™ often refers to freelancers (Morschheuser et al, 2017). The original use of
clickworkers, and the origin of the term, occurred in 2001, when a NASA experimental
project used public volunteers, whom they nicknamed “clickworkers’. Online ideation using
clickworkers 1s defined as the acquisition of i1deas from a group of Internet users (Battistella
and Nonino, 2012; Brabham, 2013; Howe, 2006). The results of online ideation using

clickworkers are cumulative, combining contributions from the participants.

Clickworkers are usually motivated by (a) financial incentives; (b) personal interest in the
project; (c) a sense of personal achievement when leading the ideation project; and (d) a
personal commitment to volunteer work (Howe, 2006; Brabham, 2013). However, Lévy
(2010) suggests that the use of clickworkers 1s a transformation of the Internet into a
worldwide knowledge management system. The use of clickworkers 1s known to increase the
capacity of human collectives to engage in intellectual cooperation in order to create ideas
INetsser, 1979; Lévy and 2010; Goertzel, 2007). Peters and Heraud (2015) define collective
intelligence in social innovation. From their perspective, the use of clickworkers is based on
collective awareness and collective action. They also highlight the fact that the use of

clickworkers 1z a form of co-creation and co-production of goods and services.
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Crowdsourcing in idea generation 1s a process of broadcasting a call for ideas to individuals
with relevant expertise and eliciting ideas (Afuah and Tuceci, 2013; Felin et al, 2017).
Crowdsourcing can be organised in three forms. First, instead of only involving a few
experts, crowdsourcing can involve a large number of participants. Second, instead of only
mnvolving internal experts, crowdsourcing draws from relevant expertise outside the
organisation in idea generation. Third, instead of only involving known external participants,
crowdsourcing involves previously unknown external participants. Table 1 summarises
specific characteristics of 1deation with clickworkers; the rest of the section will specify and

position clickworkers according to these three forms of crowdsourcing.

Table 1

Summary characteristics of ideation with clickwarkers

Degree of openness and details | Clickworkers on ideation platforms

+ High level of openness with » Entry criteria specified by those launching
regard to entrance ideation
requirements « Typically low barriers of entrance for participation

+ (Openness to various types of questions/ideation

topics

+ High level of openness inthe |« Cumulative contributions (ability to modify, build
process of idea selection, on and volte for peers’ ideas)

editing and voting

+ High level of openness in the | » Participants as ideation networks without
process of participant inclusion dependency of hierarchical position or

external/internal membership

* |nclusion of previously unknown participants

As Table 1 illustrates, ideation with clickworkers represents a particularly open process and
enables a high level of openness with regard to entrance requirements, participant inclusion,

and idea selection, editing and voting. In this regard. using clickworkers on ideation
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platforms 1s particularly well suited for capturing collectively shaped insights and innovative
developments on a broad range of questions (rather than requiring specific expertise) from a
wide range of diverse actors whose participation in ideation 1s valuable beyond the idea
generation phases (1.e. participants can modify, edit and evaluate each other’s ideas). Below, I

discuss details of the summary charactenistics of ideation with clickworkers as shown in

Table 1.

Crowdsourcing can involve a large number of participants; however, 1t still relies on
individual contributions. The advantage of using clickworkers, from the perspective of the
componential theory of creativity, 1s that it reduces dependency on individual contributions to
generate ideas. Clickworkers generate ideas through cumulative contributions rather than
individually, so 1dea quality does not rely entirely on individual contributions.
Crowdsourcing can involve external experts; however, 1t still relies on individual expertise.
The advantage of using clickworkers, from the perspective of the interactionist theory of
creativity, is that it can overcome dependency on expertise in creating ideas, since ideas are

refined and recombined through editing and voting collectively.

The benefits of using clickworkers are not limited to reduced 1deation time, reduced ideation
cost, competitive advantage and stakeholders’ satisfaction (Bothos et al., 2009; Rouhani et
al, 2016). Fouhani et al. (2016) used a quantitative swvey-based study with a sample size of
228 firms to test the relations between the use of clickworkers and the benefits at the
organisational level. The results provided meaningful insights for research and investment in
the use of clickworkers. Also they enabled managers to better understand what thev can
achieve by using clickworkers for ideation. Bothos et al (2009) explored the use by

clickworkers of IDelM, a novel Internet-based software i1deation tool that can be used for
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generating and evaluating new ideas. They found the use of clickworkers to be particularly

beneficial to the quality of 1deas generated.

Crowdsourcing can locate previously unknown external participants in idea generation;
however, 1t cannot enable their participation (Sharma et al., 2002; Piezunka and Dahlander,
2015; Schemmann et al, 2016). Crowdsourcing in idea generation consists of idea
broadcasting (a call for ideas) and idea search (the next stage after idea broadcasting) (Afuah
and Tucci, 2012; King and Lakham, 2013). In idea research, the participation of previously
unknown external participants can increase the diversity of participants and ideas. However,
previously unknown external participants usually have to join an existing team to work
together, and then their expertise 1s usually submerged by the existing experts. In contrast,
using clickworkers 15 a way to bring previously unknown external participants’ ideas
forward, and these can be voted on without consideration of who created them. Figueroa and
Pérez (2018) suggest that the use of clickworkers transforms ideation from administrative
management to smart management by using people as ideation networks and their knowledge
as an intangible asset. They also suggest that the use of clickworkers enables ideation systems
to respond to changes in the business and market environment more efficiently. These
benefits can be summarised as follows:

1. The use of clickworkers on ideation platforms 13 an easy and efficient way to generate and

evaluate ideas compared to traditional methods (e g. brainstorming).

]

Ideation platforms using clickworkers enable user involvements by creating new 1deas,
editing and commenting on each other’s 1deas, and 1dea rating.

3. Clickworkers can be used by commercial organisations for idea generation and evaluation.
4. The use of clickworkers addresses the uncertainty of new ideas by offering a vote-based

evaluation mechanism.
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Based on the above discussion, there are obvious benefits of using clickworkers (see Table

2); however, it remains unclear exactly how clickworkers contribute to the process of 1dea

generation and evolution.

Tahble 2

Benefits of using clichworkers

Benefits of using
clickworkers

External expertise

Underlying reasons

It opens crganisational
boundaries by enabling
clickworkers to participate in
idea generation at different
times and in different

locations.

Hustrative studies

Nickerson and Zenger
(2004); O'Mahony and
Ferraro (2007)

Large number of

participants

It increases the cumulative
results to be created from
crowdsourcing and the

opportunities for

Holmstrom and Henfridsson,
(2006) Foss et al. (2016); Li

et al. (2016); Kolbjornsrud
(2017); Seidel et al. (2017)

collaboration and
competition.
Previously unknown It increases the diversity of | Sharma et al. (2002)
Piezunka and Dahlander
(2015); Schemmann et al.

(2016)

external (new) participants participants and ideas.

Malone and Klewn (2007) suggest that the use of clickworkers can be effectively applied 1in
resolving svstemic problems of vast complexity, such as the reduction of human-generated
greenhouse gas emissions and global climate change, which i1s a pressing issue currently
faced by humanity. The complexity of the problem requires engagement in effective
collective ideation on a global scale. The use of clickworkers and the availability of the
Internet have made it possible to combine the work of thousands of interested and

knowledgeable participants in sharing ideas to achieve greenhouse gas reduction. Malone,
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Laubacher and Dellarocas (2010) suggest clickworkers can be used for commercial purposes,
but the use of clickworkers needs to be designed and managed to meet specific needs. They
argue that clickworkers and technologies have not vet been used effectively, especially in the

process of idea generation.

There 1s still a theoretical gap in the use of clickworkers. While research on idea generation
online platforms has shown how ideas are created and modified. little 1s known about the
evolution of 1deas after thev are created, and how clickworkers are involved 1n 1dea evolution.
Figueroa and Pérez (2018) highlight the need to manage the process of collective work and
acquire new ideas within the online ideation system. When an ideation project 1s underway
on an ideation platform, they emphasise the need to determine the indicators of the quality of
ideas and the progress made, of interactive editing, vote distribution or the valorisation

{difference in number) or consistency (similarity in number) of edits and votes.

Bonabeau (2009) suggests three development trends in the use of clickworkers in online
ideation. First, ideation platforms using clickworkers have performed better than theories can
explain. Second, the use of clickworkers 15 better for idea generation than for 1dea evaluation.
Third, there are two issues in the use of clickworkers 1n 1deation platforms, namely, loss of
control and the balance of diversity to similarity of ideas. The first point offers a positive
reason for conducting further research in this area The second point 18 arguable in that idea
generation and 1dea evaluation cannot be separated and compared with sach other in terms of
efficiency. The created ideas need to be evaluvated in terms of quality and diversity, where
quality 15 evaluated by the ranking of ideas, while diversity is evaluated by the broadness of
ideas that relates to the differences and similarities among ideas. The results of idea

generation cannot be assessed without idea evaluation. A possible reason could be that the
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use of clickworkers can help to gather a large number of ideas, but the purpose of using this
approach is to get good ideas. Also, the results of idea evaluation are based on the quality of
1deas offered as a result of 1dea generation. More importantly, as previously outlined, ideation
13 a process of collaboration through editing (generation) and competition through voting
{evaluation). Thus, the ideation process is a ‘duality’ of collaboration and competition.
Bonabeau’'s (2009} results point to the need to determine how to measure this duality and
provide a motivation for the current study. The third point about the balance of diversity to
similarity of 1deas provides a future research direction; there 1s a need to look at agreements

and disagreements in ideation.

Based on the discussion above, it 1s clear that there 15 a theoretical gap with regard to how
ideas evolve after they are created and how clickworkers are involved in idea evolution.
Theories of ideation can be further developed by determining how clickworkers are used
most efficiently. McHugh et al. (2016) examined the performance of clickworkers 1n online
ideation and proposed a multi-level conceptual model for the use of clickworkers, which
includes individual and collective intelligence. By using agent-based simulations and case
studies, they identified a posttive relation between individual intelligence and ideation
outcome quality. In addition, Yu et al. (2018) reviewed the use of clickworkers in ideation.
They compared measurements and modelling methods with regard to the use of clickworkers;
they suggest that future research needs to focus on how to optimise collective ideation
activities among clickworkers rather on than the technologyv itself Svobodova and
Koudelkova (2011) suggest that the use of clickworkers has played an important role in the
fast-changing world of economy and business. Theyv investigated the process of ideation in
business, especially the nature of participant involvement. The use of clickworkers in 1deation

enables involvement in idea creation, editing and voting, so that initial ideas can retain their
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initial concept until they are sharpened and finalized. They suggest that future research needs
to focus on participants as networks in ideation. Then, clickworkers can be used more
effectively by organisations to improve participant mvolvement in ideation, and the ideation

outcomes can be achieved more efficiently.

To summarise, the use of clickworkers on online ideation platforms provides rich
opportunities to study both the individual processes of idea generation and the collective
participant activities of editing, ranking and voting, which contribute to idea evolution. At the
same time, our knowledge about collective ideation activities among clickworkers 1n online
ideation remains scarce (Malone and Klein, 2007; Malone et al., 2010; Lévy, 2010; Peters
and Heraud, 2015). This has prompted calls for research on how to optimise collective
ideation activities among clickworkers rather than on the technology itself (Aaltonen and
Seiler, 2015; McHugh et al, 2016; Figueroa and Pérez, 2018). In sum, this studv focuses on
the inter-individual level of collective ideation activities; it aims to shed light on how i1deas
evolve after they are created and how clickworkers are involved in idea evolution. Based on
the above discussion, this studv proposes the research question: What i1z the influence of

collective ideation activitiez on ideation outcomes?

2.3.2. Understanding participant involvement based on engagement

In this study, participant involvement focuses primarily on votes and edits. Ideas are created
individually and presented and visualised through the use of text and pictures on online idea
generation platforms (Dodgson et al., 2006). Each participant’s 1dea competes with those of
others through a voting process (Lindic et al., 2011; Majchrzak and Malhotra, 2013). Finally,
1deas are ranked in order (Majchrzak and Malhotra, 2013). This process 1s considered a form

of selection. Selection among ideas can increase the chances of a larger number of diverse
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ideas evolving into a few better ideas (West and O Mahony, 2008). However, ideas with too
much novelty are difficult to understand and are less likelv to be selected. Criscuolo et al.
(2016) found that diversity in panel expertise led to an increased preference for 1dea novelty.
It this study, clickworkers as a panel of selectors shape the evaluation of 1deas and the degree

of novelty. Therefore, this study focuses on participant invelvement in the voting process.

Ideas are modified and improved through collaboration among participants (Lindic et al |
2011). Encouraging collaboration can increase the chance of idea recombination, which
results in better ideas (Lakhani and Von Hippel, 2003; Von Hippel and Von Krogh, 2006). At
the same time, collaboration in idea edits can bridge the knowledge of various sub-groups
and increase the chance of idea combination (Nambisan and Baron, 2010). Since ideas are
created individually, collaboration in idea edits can increase the chance of combining ideas
into better ideas (Stieger et al.. 2012). The effective use of clickworkers i online idea
generation depends on how well participants collaborate on refining ideas (West and
O’'Mahony, 2008; Maciuliene and Skarzauskiene, 2011). Thus, the use of clickworkers and
online idea generation platforms facilitate 1dea generation through a process of idea evolution

rather than only idea creation.

After creation, ideas evolve through a process of development and modification. Idea
evolution is a process that encourages collaboration in refining ideas. However, current
research on online idea generation platforms emphasises the creation of ideas, not their
evolution. Thus, research 1s needed on how ideas evolve after they are created. It 13 not clear
how participants collaborate in idea evolution, and to what extent collaboration can influence

the quality of ideas generated. It 15 necessary to imnvestigate the relation between collaboration
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and the quality of ideas generated. Therefore, this study focuses on how clickworkers edit

ideas collectively.

The discussion above highlights a gap with regard to the evolution of ideas after they are
created, and the involvement of clickworkers in idea evolution. This studv addresses this gap
by focusing on participants™ activities and involvement in the online ideation process that
comprises idea creation, editing, and voting. In particular, the focus is on how collective
ideation activities among clickworkers influence the outcomes of online ideation
Participants’ involvement in ideation is about involving not only known experts, but also
inactive and isolated participants (Berg, 2016). Inactivity 15 defined as a situation in which
people do not frequently engage in ideation activities (Jeppesen and Lakhani, 2010). Isolation
15 defined as a situation in which people are 1solated in ideation activities by doing different
things from the others (Jeppesen and Lakhani, 2010). Inactivity and 1solation are defined in
the general context of ideation rather than in the specific context of online ideation (Jeppesen
and Lakhani, 2010). Thus, this study needs to identify inactivity and 1solation in the context
of online ideation, in particular, the clickworkers’™ setting. Since participants in this research
are anonvmous clickworkers, it 1s not possible to gauge their knowledge, expertise and
values. Inactive and isolated participants usually have different values and levels of
knowledge; therefore, the involvement of inactive and 1solated participants can increase the
chance of acquiring diverse ideas and combining them into creative ideas (Suh and Shin,
2010; Suh et al, 2011). Thus, mactivity and isolation of participants are identified as two

influential factors that have an impact on idea quality.

For the purpose of this study, inactivity 15 defined as inactive 1n online ideation activities in

terms of idea creation, editing and voting (Jeppesen and Lakhani, 20107, Studies have shown
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how participants’ inactivity can influence the results of ideation. Useful theories here include
the theory of individual creative action and the knowledge brokering theorv. The theory of
individual creative action (Ford, 1996) suggests that idea generation consists of individual
creative actions, which are the joint results of sense-making processes, motivation, and
knowledge and skills. Participant inactivity can have a negative influence on the results of
ideation. In the context of this study, online ideation platforms allow clickworkers to
gradually generate content and react to the contributions made by other clickworkers. Idea
quality 15 based on cumulative contributions from participants, thus, participants’ nactivity

can have a negative influence on the results.

To illustrate this, Aaltonen and Seiler (2013) investigated how past edits influence later
editing activities by exploring detailed edit-level data from Wikipedia. Theyv suggest that
users’ inactivity in the past can lead to significantly fewer editing activities in the future. The
increase in the number of words in an article over an eight-year period can be 43 percent
lower without users’ cumulative contributions. Although this demonstrates the relationship
between users’ inactivity and the outcomes of using online ideation platforms, the popularity
of the topics was not fully considered. The growth trends of Wikipedia content can be
influenced by the popularity of the topics rather than by users’ nactivity. This demonstrates
the beneficial nature of collective intelligence platforms, as open content production
environments enable the involvement of inactive participants. However, it 18 doubtful that a
higher number of cumulative contributions in the past can lead to more editing activities in
the future, since the growth trends of Wikipedia content can be influenced by the popularity
of the topics. The significant gap here 1s that this analysis was conducted at the platform level

by comparing the growth of each topic’s content, rather than comparing each user’s activities,
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such as the frequency or number of each user’s edits. Also, it 13 arguable that the quality of

results cannot be measured by the number of words alone.

Other research in this area (e g. Janssen 2005; Hargadon, 2006; Hargadon and Bechlky, 2006;
Unsworth and Clegg, 2010) suggests that individual creative actions are too complex and
challenging, so tnactivity does not necessarily influence the results. Thus, whether inactivity
can influence idea quality remains unclear, and the influence of inactivity needs to be studied.
Considering online ideation consists of three major activities, idea creation, editing and
voting (Majchrzak and Malhotra, 2013; Nakatsu et al, 2014), this study investigates mactive

participants in these three activities.

Based on the discussion above, this study’s position 1z that the presence of inactive
participants can lead to lower-quality ideas. According to the discussion about collective
activities are in idea generation online platforms in Section 2.1, there are three main
activities: idea creation, editing, and voting Thus, inactive participants in these three
activities are considered as negative effects and this research proposes:

* Hypothesis 1a: [deas voted by inactive participants tend to have lower idea quality.

*  Hypothesis 1b: Ideas edited by tnactive participants tend to have lower idea quality.

Isolation 15 defined as isolated in ideation activities by doing different things from the others;
it includes editing and voting on ideas which are not edited or voted on by the others
(Jeppesen and Lakhanmi, 2010). In other words, participants engage in ideation activities
individually rather than collectively with other participants. Studies have shown the effect of
participant isolation on the results of ideation. Specifically, isolated participants have a

negative influence on idea gquality (Vaast, 2007). Connectivity to participants and ideas 1s
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important in idea generation (Vaast, 2007; Berg, 2016). Izolated participants can decrease the
chance of getting creative ideas (Wagner and Majchrzak, 2006; Jeppesen and Lakhani, 2010;
Foss et al., 2011), and can also reduce the activity of the other participants. However, less
clear 1s whether the involvement of isolated participants can influence idea quality, and the
extent of that influence (Lingo and O'Mahony, 2010; Roberts and Piller, 2016). Thus, 1t 1s
necessary to explore whether, and to what extent, isolated participants have an influence on

the results of online 1dea generation.

In the context of this study, the successful use of clickworkers on online ideation platforms
usually provides non-hierarchical structures of connections among participants through web-
based technologies (Rohrbeck et al., 2009). In this environment, ideas can be spread and
clickworkers can exchange feedback quickly. Connectivity to isolated participants 1s the key
structure of connections among participants and ideas in idea generation (Wagner and
Majchrzak, 2006; Vaast, 2007; Berg, 2016; Foss et al, 2011). Thus, the contribution of
1solated participants 1s a kev factor influencing idea generation results. While most previous
studies were not performed in the context of using clickworkers on 1deation online platforms,
it 18 reasonable to suspect that 1solated participants can have a similar negative influence on
1dea quality, either by voting or editing 1deas (Lingo and O "Mahony, 2010; Foberts and Piller,
2016). Thus, it 1z necessary to explore whether 1solated participants can have negative
influences on the results of online idea generation and the extent of these influences. Based
on the discussion above, this research proposes:

* Hypothesis 2a: [deas voted by izolated participants tend to have lower idea quality.

*  Hypothesis 2b: Ideas edited by 1solated participants tend to have lower 1dea quality.
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2.3.3 Understanding participant involvement based on person’s connectivity in the

network

Creativity can be associated with a person’s connectivity in networks (Mitali and Ingram,
2018), especially when the person occupies a position connecting others. For example, if two
people both have the same connections in a network, thev may have similar results in
innovative works, such as ideation. If a person’s contacts are all linked with each other, the
ideas and information the person gets are likely to be the same. In contrast, if a person’s
contacts are not linked with each other, the person 1s likely to recerve different ideas and
information. This person may then perform better as a result of having a better source of

ideas. Having connections to different information pools 1s an advantage in innovative works

(Mitali and Ingram_ 2018).

To measure connectivity, centralities are introduced. The term “centralities’ 15 defined as the
degree of a node s (for example, a person or an idea in this study) cormectivity fo the other
nodes in a given network (Borgatti, 2011). An 1dea with high centrality means that the idea 1s
highly connected to the others by collective ideation activities in the network. High
centralities are considered advantages in a network, as a network with high centralities
usually has high connectivity (Borgartti, 2011; Burt, 2015). In contrast, isolation and
mnactivity are disadvantages in network connections, as a network with isolation and
inactivity usually has low connectivity (Burt, 2013). Centralities also measure each idea’s
network structure instead of the number of votes or edits only. There are three common tvpes
of network advantages (as centralities): betweenness, closeness, and eigenvector centrality
(Freeman, 1979; Borgatti, 2011). Each of them provides distinct measures about how an idea
15 connected with participants, which means the structure of voting and editing connections.

This study focuses on betweenness for the reason that betweenness iz considered a network
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advantage (Borgatti, 2011) while closeness and eigenvector centrality are considered neutral.

Betweenness, 1.e. the axtent of a node 5 power of connecting the others in a given natwark on
the shortest path (Freeman, 1979; Borgatti, 2011) iz considered a network advantage. This
research uses the betweenness centrality to reflect the shortest path of the collective ideation
activities among ideas in online ideation, meaning the extent to which an idea 13 connected to
{or otherwise disconnected from) others. Ideas with high betweenness are those that have
contributions from participants who are also contributing to other ideas. Such a network
location advantage can increase the chance of involving different participants, and then
allowing a larger number of diverse ideas to evolve into a few better ideas (West and
O Mahony, 2008). The connectivity among participants’ ideas 1s the kev structure of
collective ideation activities (Vaast, 2007; Berg, 2016). The interactionist theory of creativity
{(Woodman, Sawver, and Griffin, 1993) suggests that collective 1dea generation results stem

from complex interactions among individuals.

Further research in this area (Shalley et al., 2009; Yuan and Woodman, 2010; Zhou and
Shalley, 2010} suggests that connectivity among participants’ ideas can improve the results of
collective 1deation processes. Collective 1deation activities cannot simply be measured as the
number of collective ideation activities or improvement in capabilities, since it has been
demonstrated that there 13 no direct relationship between input and output in idea generation
(Perry-Smath, 2006; Perry-Smuth and Mannucci, 2017). Thus, collective ideation activities
require analvsis to be carried out at a different level — the level representing the links among
participants and ideas in i1dea generation. Network analysis can help to understand how
participants are involved in collective idea generation. The network dvads between ideas and

participants represent how participants connect with each other by contributing to the same
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idea. Indeed, prior research showed that connectivity (contributing to the same 1dea) among
participants is positively associated with idea quality in ideation (Bjérk and Magnusson,
2009). Thus, this study explores connectivity and its influence on 1dea quality. Based on the
above discussion, this study argues that highly connected ideas in terms of votes and edits
tend to be of higher quality.

* Hypothesis 3a: Highly connected ideas in voting networks tend to be of higher

quality.
*  Hypothesis 3b: Highly connected ideas in editing networks tend to be of higher

quality.

To sum up, three groups of hypotheses need to be tested (see Figure 2). The first group of
hvpotheses (Hypothesis 1a and 1b) are about isolation. The second group (Hyvpothesis 2a and
2b) are about nactivity of participants. As discussed in the literature review, ideas with more
contributions from 1solated and inactive actors tend to have better idea quality. The third
group of hypotheses (Hvpothesis 3a and 3b) are about betweenness centralities. As suggested

b the literature review, 1deas with higher centralities tend to be of better quality.
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Figure 2
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3. Methodology

The data consists of 408 participants and 216 ideas generated bv them in two ideation
projects, both collected on the Codigital ideation platform. This research performed network
analvsis on the collected data to generate networks in idea voting, editing and creation.
Participants’ 1solation, inactivity and centralities were calculated in these networks. The
research used regression modelling to test the influence of participants’ isolation, inactivity

and centralities on idea winning ratio.

1.1. Research setting

Codigital 1s an information technology company which provides a platform for large groups
to create, edit and vote for ideas. As an i1dea generation online platform, Codigital’s ideation
tool consists of a user interface, a data and storage system and an artificial intelligence
program_ In idea generation projects, ideas are proposed online by individual participants,
who then collaborate and compete to combine 1deas into better 1deas. For the purposes of this

study, clickworkers from https:/www.clickworker com were used as participants.

In the Codigital ideation tool, idea creation is represented by “add ideas’, while idea
modification 1s represented by “edit 1deas’ and “vote edits’. Idea voting i3 vote ideas’ and
idea selection 1s through ‘rank ideas’. Thus, the Codigital ideation tool adheres to the
description of an effective idea generation online platform based on the existing literature
(see Figure 3). Previous research has suggested that ideation 1z simultaneously encouraging
collaboration and competition through 1dea recombination, which leads to better 1dea quality
(Lakhani and Von Hippel, 2003; Von Hippel and Von Krogh, 2006). Collaboration takes place

in ‘edit ideas’ in the Codigital tool, where participants can edit each other’s ideas.
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Competition takes places in “vote edits’, “vote ideas’, and ‘rank. Edits and ideas are voted on,
to finalise edits and rank ideas. Thus, the Codigital ideation tool 1z an effective idea
generation online platform to encourage collaboration and competition in ideation. Further

details of the Codigital 1deation platform functions and interface are included in Appendix 2.



Figure 3

The Codigital ideation and its relationship with the literature: Creation-modification- voting-
selection (adapted from Lindic, et al., 2011 Majchrzak and Malhotra, 2013 Nakatsu et al.,
2014)
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3.2, Data and variables

The data was provided by Codigitial from the ideation platform database about two

completed projects. Table 3 shows the profile of these two 1deation projects.



Table 3
Ideation project prafiles
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Project Number of Mumber of ideas Number of votes on | Number of edits on | Duration
participants generated by the generated ideas | the generated ideas
participants
Project 1: 83 42 Tar 149 30-31 December
What should our 2016
global New Year
resolutions be?
Project 2: 325 174 4241 659 30-31 January 2019
What measures
would you
recommend to ensure
the safety of young
people on social
media?
Total 408 Total 216 Total 5028 Total 808
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Diata collection in network analvsis seeks information about nodes and connections. In this
study, the nodes are 1deas created through idea generation. These nodes need to be discrete
units (Parkhe et al., 2006). The nodes can be distinguished by ID. The connections are the
collective ideation activities carried out by participants in idea generation, including editing
and idea voting (Burt, 2015). Then, the collected data can be used to generate the network

snapshots and carry out network analvsis using the software Ucinet.

Three important points in the data structure need to be acknowledged here. First, voting was
very active in these two successful projects. A total of 408 participants registered 6. 272 votes
in these two online ideation projects. Results show a high density of votes (12.67 votes per
person in average in Project 1 and 16.06 votes per person in average in Project 2). Second,
there was a significant difference between the top and bottom ideas in the number of votes
recetved (see Table 3). This suggests that the top ideas and bottom ideas were clearly
distinguished by votes. Third, the numbers of votes received for top ideas were very close
{see Table 3). This suggests that thers was competition in voting. This was also confirmed in
the later competition in the voting section. Table 4 provides further information to support

these three points.
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Summeary of the ideation projects

Project 1: Top 5§ ideas (by number of votes received) Votes received
What should our global (total = 1052)
MNew Year resolutions Find a way to end all wars throughout the warld. (614]
be? Fut an end to fake news and educate everyone to understand the agenda of newspapers, to | 61

help people make their own minds up rather than being brainwashed.

Increase global medical research to eradicate killer diseases. h8

Join with all countries to stop/reverse climate change. 57

Be kind to one another. 54

Bottom 5 ideas (by number of votes received)

Votes received

(total = 1052)
Live every day according to the values of respect, teamwork, excellence, responsibility and | 1
fairness, all while living ethically on a global scale. Together we can make il
Unite instead of fighting with each other. 2
Cut down on the use of social media in every walk of life, and return to some form of old-
fashioned communication.
Find a way for humanity to exist on this earth forever. 3

Ensure that those governments in denial of climate change be kept under continual pressure

until they acknowledge the problem.
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Project 2:

What measures would
you recommend to
ensure the safety of
young people on social

media’?

Top 5§ ideas (by number of votes received)

Votes received

identifying information cannot be added (even if education fails, there is a physical barrier in

place to prevent the publication of this information).
Bottom 5 ideas (by number of votes received)
1. There is more of a problem with children who do not have a real life’ to balance the

influence of social media. They won't take to heart comments by strangers online so much if

they've had a hug or laugh with a hobby group or something in real life.

2. Mot encourage young children/teenagers to use the Internet and have phones/laptops. They

should go outside more.
Ban children from using social media networks.

The young generation to be checkad by parents.

(total = 5220)

1. Require all accounts to be linked to a traceable person, ideally a parent, guardian, family 249

member or teacher. Those people would have to approve any friends added. (Must provide

verifiable address details )
2. Every account has to be verified with ID (or parents’ D) in order to link each account with a | 245

real person so finding trolls is a lot easier.

More lessons In schools, college and university on how to use the Internet safely. 219
4 Educate parents of the potential risks involved when their children use social media. Provide | 192

tools like filters for parents to use to monitor their social media behaviour.
5. Have modified social media profiles for young people so that location/school/similar 185

Votes received
(total = 5220)
2
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5. Create games like pantosauraus with catchy songs to teach kids about sexual harassment

and other unwanted contact.
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Independent variables

In order to test the proposed hypotheses, this section deals with measurement of the vanables.
For Hypotheses 1 and 2, the independent variables were isolation and inactivity. For
Hyvpotheses 3, the independent vanables were centralities including betweenness, closeness
and eigenvector centrality. These network patterns are the independent variables in this

research.

The first set of independent variables 1s explicit and can be measured by network analysis.
Isolation measures the extent to which a node connects with the others in the network
(Freeman, 1979; Borgatti, 2011). It is calculated by assessing the decrease in the number of
network paths if the node 15 deleted in the voting and editing network respectively. Inactivity
measures the connection densitv of a node’s directly connected “neighbours’ (Freeman, 1979;
Wasserman and Faust, 1994; Borgatti, 2011). It 1z calculated according to the number of
connections a node’s directly connected ‘neighbours”™ have in the voting and editing network
respectively. Isolation includes isolation in voting, editing and creation (see Table 3).

Similarly, tnactivity includes inactivity in voting, editing and creation.

The zecond set of independent variables refers to the network connectivity of participants or
ideas, also known as centralities. Centralities provide measures about each person or idea’s
ego network structure; these can reflect the importance and prominence of each person or
idea 1n a given network. Thus, this research uses centralities as independent variables. There
are three centrality measures: betweenness, closeness and esigenvector centrality (Freeman,
1977; Borgatti, 2011). Each of them provides a distinct measure of how a person or idea is
centrally located in a given network. Betweenness centrality 1s measured according to how

many times a node connects two others as the shortest path in a given network (Freeman,
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1979; Wasserman and Faust, 1994; Borgatt, 2011). As discussed previously, thizs measure
can reflect the node’s connection power in a network. A node’s betweenness centralitv 1s
expressed by the number of shortest paths in the network passing through that person.
Betweenness centrality in voting is calculated according to the number of shortest paths in the
vote network passing through that idea Closeness centrality measures a node’s network
distance from all others (Freeman, 1979; Wasserman and Faust, 1994; Borgami, 2011).
Closeness centrality 1s calculated according to the overall number of network paths an idea
has, to reflect the proximity of an idea in the network. Eigenvector centrality measures a
node’s indirect connections in the network (Freeman, 1979; Wazserman and Faust, 1994;
Borgatti, 2011). Eigenvector centrality is calculated according to the number of connections a
node has to the well-connected nodes in the network. Similarly, editor and creator centralities
are generated in editor and creator networks respectively. As discussed previously, these
three centralities quantify “the extent of being centrally located in a network’ into numbers,
then these numbers can be used in later regression modelling. Thus, this research uses

centralities to reflect proximity and connectivity in networks.

Dependent variables

In order to measure idea quality, this research defines the dependent variable as each idea’s
winning ratio in voting as a proxy for idea quality. Unlike other options, including the
number of received votes and idea ranking ideas’ winning ratios can be analysed to
determine differences in idea qualitv. In contrast, the number of received votes 1s associated
with the number of participants, and idea ranking 1z only an ordinal measure; these are not
able to reflect the extent of differences in idea gquality. The reason 1s that, in the Codigital
ideation platform, ideas are presented for voting in pairs, and the software determines which

pairs of ideas will appear to participants. To correct for potential idea selection bias by the
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software (e.g. some 1deas may show up for voting more often than others, and then get more
votes), this studyv calculates each 1dea’s winning ratio in voting instead, which represents idea
quality. The winning ratio 1s the percentage of wins in idea-paired votes (Girotra et al | 2010;
Kornish and Ulrich, 2011). It is calculated as the number of received votes divided by the

number of appearances in the voting process.

The proposed research questions require an analvsis of the relationships between network
patterns and 1dea generation outcomes. In order to test these relationships. this research needs
to measure both network patterns and idea generation outcomes at the idea level. Previous
research (Amabile, 1997; Burt, 2013) has suggested each individual idea’s quality can be
aggregated to influence the idea generation project outcome. Thus, the data regarding each
idea’s winning ratio in voting can help to analyse the distribution of idea generation outcomes
in each project’s network. Thus, this research uses the winning ratio of ideas in the voting

process as the dependent variable.

Control variables

Furstly, to control the project size difference (the difference in the number of participants and
number of 1deas generated), the data are normalised by deducting the minimum value of the
variable, and then divided by the difference between the maximum value and the minimum
value (Cronk, 2019). Then, in order to test the proposed hypotheses, control variables were
used to rule out other influences on the online ideation outcomes. The first 1s the number of
ideas created by the creator. This measures how manyv 1deas a person has created as a means
of assessing creator activity; this 1s to control that an active creator may create better 1deas
(Aaltonen and Seiler, 2015). It 1s calculated according to the number of ideas a creator has

produced. The second is the number of edits. This reflects how manyv edits each 1dea has
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recetved; the reason for using this variable 1s to control that better 1deas may be those with
more edits (Aaltonen and Seiler, 2015). It is calculated as the total number of edits on the 1dea.
The third control variable 1s the number of votes, since this measures how many votes the
idea has received (Aaltonen and Seiler, 2013). The reason for using this variable is to control
the influence of the number of votes on the winming ratio. The fourth 1s 1dea appearance,
which measures how many times the idea 13 shown in the paired-idea vote. This 1s to address
the possibility that ideas appearing more often have a higher number of votes, which may
influence the winmng ratio. It 1s calculated as the number of appearances in pawred-idea
voting. The fifth control variable, edit engagement, measures the extent of edit participation
{(Camacho at al_, 2019). This 1s to control the difference of edit participation between ideation
projects, because the best 1deas could be those that are the most heavily edited. It 15 calculated
according to the total number of edits divided by the total number of participants in the
ideation project. The sixth, vote engagement, measures the extent of voter participation
(Camacho at al, 2019). This i1s to control the difference of voter participation between
ideation projects. It 1s calculated by the total number of votes divided by the total number of
participants in the ideation project. The seventh, size of the project, measures the scale of the
ideation project (Boudreau et al, 2011); this study uses this variable to control the size
difference between ideation projects. It 1s calculated according to the total number of

participants in the project. Table 3 below summarises the measures as thev relate to the

hypotheses.
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Summeary of measures and hypotheses
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Measures

Dependent variable: Winning ratio

Winning ratio is the percentage of wins in idea-paired votes (Girotra, Terwiesch, and
Ulrich, 2010; Kornish and Ulrich, 2011). It is calculated as the number of received votes

divided by the number of appearances in the voting process.

Hypothesis 1a: ldeas voted by inactive

participants tend to have lower idea quality.

Hypothesis 1b: |deas edited by inactive

participants tend to have lower idea quality.

Inactivity measures the connection density of a node’s directly connected ‘neighbours’
(Freeman, 1979; Wasserman and Faust, 1994; Borgatti, 2011). It is calculated according
to the number of connections a node's directly connected ‘neighbours’ have in the voting

and editing network respectively.

Hypothesis 2a: |deas voted by isoclated
participants tend to have higher idea quality.
Hypothesis 2b: |deas edited by isolated

participants tend to have lower idea quality.

|solation measures the extent of a node connecting with the others in the network
(Freeman, 1979; Wasserman and Faust, 1994; Borgatti, 2011). It is calculated according
to the decrease in the number of network paths if the node is deleted in the voting and

editing network respectively.

Hypothesis 3a: Highly connected ideas in voting
networks tend to be of higher quality.

Betweenness centrality measures how many times a node connects two others as the
shortest path in a given network (Freeman, 1979; Wasserman and Faust, 1994; Borgatti,

2011). An idea’s vote betweenness centrality is calculated according to the number of
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Hypothesis 3b: Highly connected ideas in editing
networks tend to be of higher quality.

shortest paths in the voling network passing through that idea. Similarly, editor and

creator betweenness centrality is generated in editor and creator networks respectively.
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3.3, Data analysis

Network analysis 1z an approach to theorising about, representing and analvsing social
structures (Burt, 2013). Connections in idea generation can be analvsed as networks by using
the network analysis software package Ucinet (Burt, 2013). To answer the research questions,
network data are analvsed as snapshots. Network snapshots can present the overall structure
of the network for each idea generation project. These network snapshots consist of two
elements: (a) ideas as the actors (or nodes); and (b) collective ideation activities between
individuals as the ties (or links). Complex networks usually have regular patterns in structures

and dynamics, and these patterns can be observed from the network snapshots (See Figure 4).

Figure 4

Generating netwark using Ucinet
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Network snapshots provide depictions of patterns of collective ideation activities among
participants, which can be observed and analysed. It is important to analyvse networks from

snapshots, for example, by stages and structures. Each network 15 an ideation project with
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diverse ideas created by participants. To answer the research guestions, this study uses
centrality analysis. Centrality analvsis can help to identify each participant’s sub-network
structure and network location, especially, to find out if a person 1s marginalised (loosely
connected) or densely connected in a network. Then, network regression modelling can be
performed between each idea’s winning ratio in vote and their network isolation, inactivity
and centralities to answer the research questions. Further details of how networks are

generated and the calculation of variables are seen in Appendix 3.

Figure 5 summarises the kev steps of this study’s data analysis. Network regression can be
performed in Ucinet by using the variables generated in network analysis. The reason 1s the
normality of the data. This study chooses randomised permutation regression. Compared to
another regression option, ordinary least squares regression (OLS), network data can be
analvsed more accurately by using randomised permutation regression. Randomised
permutation regression can produce a better estimation of the model coefficients, especially
for analysing networks which usually have some outliers in the data (Hanneman and Eaiddle,
2005). Network data with outliers can overly influence the regression modelling results in
OLS regression due to the normality assumption (OLS regression assumes the data is
normally distributed). Compared to OLS regression, randomised permutation regression 1s a
better fit with network data distribution by testing the data against random distributions. This
will provide more accurate analysis results and a robust model. Normality of the data
distribution and goodness of fit in the modelling results are the other reasons for using
randomised permutation regression to test network influences. First, in terms of normality of
the data distribution, network data are binary data; 0 represents no connection between two
nodes 1n a network and 1 represents a connection. Thus, the network data 1s not normally

distributed. This can overly influence the regression modelling results. To resolve this issue,
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this research chooses randomised permutation regression which does not have a normality

assumption. Randomised permutation regression tests the data against random distributions

rather than normal distribution to resolve the normality 1ssue in the data (Hanneman and

Ruddle, 2005).

Figure 5

Eey steps in data analysis for this study

Data about connections Generating network
among participants and structure snapshots

ideas through network analysis

Caculating
Generating inactivity,
networks: isolation, and

centralities :

Inactivity

Generate networks
of idea vote, edit | Isolation
and creation

Centralities

Network hypothesis test

about the structural
differences
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testing:
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Hypothesis 2

Hypothesis 3
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4. Findings

Figures 6 and 7 present the network snapshots in terms of the votes from all participants in
each project. The nodes are ideas. The lines are votes by the same participants. The size of
idea node represents the winning ration in vote. The bigger size is the more votes won for that
idea. Similarly, the thickness of lines represents the number of votes submitted by the same

participant.

Figure 6

Project 1 overall vote activities

Ideation topic: What should our global New Year resolutions be?

‘[ 83 participants 42 ideas generated 1052 votes

-
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Lines represent voted by the same participants, thinness represents number of votes by the same participants

Idea, size represents winning ratio in vote
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Figure 7

Project 2 overall vote activities

Ideation topic: What measures would you recommend to ensure the safety of young people

on social media?

: 325 participants 174 ideas generated 5220 votes

Lines represent voted by the same participants, thinness represents number of votes by the same participants

Idea, size represents winning ratio in vote

The purpose of generating these network snapshots 1s to identify isolation, inactivity and
centralities in voting for later analvsis. In the previous literature review, this study suggested
that voting and editing are the two most essential activities in online ideation. Once i1deas are
created on an idea generation online platform, participants can improve them by suggesting
modifications. Ideas can be modified and improved through collaborations among
participants. Participants can edit their own ideas and collaborate to edit each other’s ideas.

Thus, this study also presents the findings about editing activities.
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Figures 8 and 9 present the network snapshots for editing activities in each project. As in the
previous snapshots, the nodes are ideas. Unlike in the previous snapshots, the lines are edits
by the same participants rather than votes. The size of the idea node represents the winning
ratio in vote. The thickness of lines represents the number of edits by the same participant.

Table 6 provides a summary of the differences between the voting and editing networks.

Figure §

Praject I overall editing activities

Ideation topic: What should our global New Year resolutions be?
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Lines represent edited by the same participants, thinness represents number of edits by the zame participants

Idea, zize represents winning ratio in vote



53

Figure 9

Project 2 overall editing activities

Ideation topic: What measures would you recommend to ensure the safety of yvoung people

on social media?

. thinness represents number of edits by the same participants

Lines represent edited by the same participants

Idea, size represents winning ratio in vote
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Table 6

Diffarences between voting and editing networks

Differences Voting networks Editing networks
Difference 1: Voting The vote networks consist of | The edit networks consist of
networks are more active 5028 votes in total. 750 edits in total.

than editing networks. This
suggests there are more
activities related to voting

than to editing.

Difference 2: Voting Each voting network is Each edit network is
networks have better connected as one piece. connected as several
connectivity than editing pleces.

networks. This suggests that
co-voter for the same ideas

are more likely than co-

editors.

Difference 3: There are There are no disconnected There are disconnected
disconnacted ideas in parts. parts in the editing
editing networks. This networks.

suggests that some ideas

are not co-adited.

These snapshots also show that some ideas are connected by participants’ editing activities.
Thiz means that multiple ideas are edited by the same participant. Stephen et al. (2016)
suggest that when multiple ideas are edited by the same participant, this reduces the ranking
of 1deas in the use of the ideation platform. However, this studv’s results show that those
ideas are likely to have a higher ranking position, since the big idea nodes (1deas with large

numbers of votes) are edited by participants who also edited other ideas. On the other hand,
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the small idea nodes are not edited by them. This could be the result of participants paving

attention to the ideas of others and learning from them in online ideation projects

{Schemmann et al., 2016).

These snapshots also show that some participants work individually and others work together
in the editing process. Girotra =t al. (2010) suggest participants working together generate
better 1deas than those working individually in online ideation projects. This study confirms
this point, since the snapshots show that ideas with high ranking positions (big idea nodes)
are edited by multiple participants. On the other hand, ideas with low ranking positions (small
idea nodes) are edited individually. This 1s further discussed in the sections about regression

modelling results. Tables 7 and 8 below show the descriptive statistics and correlation matrix.

Table 7
Descriptive statistics

Minimum Maximum Mean Std. Deviation
Votes 1 249 29.04 45663
Appreances in Voting |2 421 K827 78537
Winning Ratio .0952 7000 414015 1233341
Edits 2 15 347 2.449
Size of Project 83 325 277.94 95.999
Editor Engagement 1.67 1.93 1.8794 10314
Woter Engagement 12 6700 16.0600 15400833 1.3447850
Woter Betweenness .0000 1.0000 138491 2713998
Voter Isolation 0714 1.0000 169310 1176878
Voter Inactivity 0057 1.0000 073825 0878204
Editor Betweenness .0000 1.0000 056464 1687109
Editor Isolation 0042 5000 190917 2167698
Editor Inactivity 0042 1.0000 388099 4554822




Table §

Correlation matyix

se

Labels in the rows: 1 Votes 2 Appreances inVote 3 Winning Ratio 4 Edits 5 Size of Project 6 Editor Engagement 7 Voter Engagement

8 Voter Betweenness 9 Voter Isolation 10 Voter Inactivity 11 Editor Betweenness 12 Editor [solation 13 Editor Inactivity

Sig. (2-tailed), =~ P<0.01, p=0.05

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22
1 \Votes Pearson 100 | 995 | 553 [ 712 | 011 [ 004 | 004 | 004 | 633 | 339 | - - 02 | - 330 - 000 | - - -
Comrelation - - - - - 267 | 415 | 236 | T 300 | ° 295 | 286 008 | 001 | 178
2 Appreance | Pearson 095 (100 | 510 | 716 | 0.11 | 0.05 | 005 | 0.05 | G623 | 340 | - - 02 | - 356 - o000 | - - -
5 in Vols Comelation |~ - - - = 273 | 413 | 2.1 | 307 | ° 305 | 295 0.0g | 002 | 175
3.0inning Pearson 553 | 510 [ 100 | 427 [ 003 | - - - 444 | 285 | - - 265 | - 136 - 000 | - 004 | -
Ratic Comelation | T - - 225 | 225 | 225 | - 007 | 583 | ooz |~ 005 | ° 0.0% | 0.03 0.06 0.09
4. Edits Pearson F12 | 76 | 427 [ 100 | o0 [ 002 | ooz | o002 | 429 | 460 | - - 690 | - 436 - 0.00 |- 0.05 | -
Comelation | B - B - 287 | 335 | 278 | © 350 | ° 393 | 351 0.09 0.12
5. Size of Pearson 004 | 005 | - 002 | 165 [ 100 | 100 [ 100 |- - - - 0.00 | - 0.0z - 000 | 005 |- -
Project Comelation 235 : o 0" 537 | 398 | 295 | 0.03 | 196 314 266 | 298 A71 | 0.08
6. Editor Pearson 004 | 005 | - 002 | 165 | 100 | 100 | 100 |- - - - 0.00 | - 0.02 - 000 | 005 |- -
Engagement | Comelation 275 : o0 0" 537 | 3908 | 208 | 0.03 | 196 314 266 | 298 A71 | 0.08
7 \Moter Pearson 004 | 0.05 | - 002 | 165 | 1.00 | 100 | 1.00 | - - - - 0.00 | - 0.02 - 0.00 | 005 |- -
Engagement | Comelation 2275 ) o o 537 | 308 | 2908 | 0.03 | 196 314 266 | 298 0.06

A7
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8. \Voter Pearzon 633 | 623 | 444 [ 429 - - - 1.00 | 197 | 0.07 - 375 | 0.01 | 232 0.02 [ 000 |- 004 |-
Betweenness | Comelation | ™ - - - 0.05 | 537 | 537 | 537 - 200 | 180 | © - .01 0.03 0.03
g \oter Pearzon - - - - - - - - 012 [ 007 | 100 | 526 | - A78 | - 233 | 226 [oo0 | o008 |- 135
Isalaticn Comelation | 415 | 413 | 593 | 335 | 008 | 003 | 003 | 003 | 299 B 195 | ~ 447 | T B 002 |-

10 Water Pearzon - - - - - - - - 230 | 0.00 | 526 | 1.00 | - 224 | - D65 | 269 | 000 | 010 | - 0.13
Inactivity Comelation | 336 | 361 | 002 | 275 | 010 | 198 | 196" | 198" | 180 | - 183 |~ A0 | B 0.08
11.Editar Pearson 502 | 502 | 288 | 690 | 172 [ o000 | o000 | o000 | 375 | 540 | - - 1.00 | - 580 - 0.00 | - 478 | -
Betweenness | Comslation | - - - - - - 226 | 196 | 133 308 | 272 | 271 204 | 7 193
12 Editar Pearson - - - - - - - - - 811 | 233 | 265 | - 922 | - 100 | 975 | 0.00 | 315 | - 358
Isalaticn Comelation | 295 | 305 | 009 | 393 | 337 | 266 | 266 | 266 | 001 | 003 | - B 72 |~ 389 B - 74 | 7
13.Editar Pearson - - - - - - - 002 | - 758 | 226 | 2690 | - a3 | - o75 | 100 [ oo0 | 332 |- 411
Inactivity Comelation | 285 | 296 | 0.08 | 351 | 245 0oz |~ - - 27| 7 385 | ° - 184 | 7

295

288

298
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It short, the results support the hypotheses relating to voter and editor inactivity (Hypotheses
la and 1b): voter and editor isolation (Hypotheses 2a and 2b). and wvoter and editor

betweenness (Hypotheses 3a and 3b). Table 9 shows the results of hypothesis testing.

Collective Idea Generation on an Online Platform:

Table 9 An Analysis of User Interactions on a Clickworkers' Platform

Hypothesis testing results

Hypothesis Hypothesis about Supported, not
supported, or the
opposite supported

Hypothesis 1a MNegative influence of voter inactivity Supported

Hypothesis 1b MNegative influence of editor inactivity Supported

Hypothesis 2a Megative influence of voter isolation Supported

Hypothesis 2b MNegative influence of editor isolation Supported

Hypothesis 3a Fositive influence of voter betweenness Supported

Hypothesis 3b Fositive influence of editor betweenneass Supported

Table 10 shows the results of network regression modelling. This model suggests that 1deas
with high winning ratios (a} tend to have higher betweenness centralities 1n both votes and
edits; (b) tend not to be voted for or edited by isolated voters; and (c) tend not to be voted for
or edited bv inactive voters. Also, this model has an R-square of 0.763 and an adjusted R-
square of 0.756. This suggests the model is robust and can be used to explain the winning
ratio. The B-square indicates how robust and accurate the overall model 1s. The higher the R-
square, the more robust and accurate the overall model 15 (Wasserman and Faust; 1994;
Hanneman and Riddle, 2003). In social sciences, models with an E-square above 0.7 can be
considered robust and accurate (Wasserman and Faust; 1994; Hanneman and Raddle, 2003).

Thus, the R-square of 0.763 indicates that the model 1z robust.

In contrast to the R-square, which measures the overall model, the P value indicates how

robust each vanable in the model is. The lower the P value, the more significant influence a
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variable has (Wasserman and Faust; 1994; Hanneman and Riddle, 2003). In the findings
presented in Table 9, voter betweenness, voter 1solation and voter inactivity all have P values
lower than 0.01. This suggests these varables are robust and have a significant influence,
since each independent variable 1s lower than 0.03, which is considered the threshold for
having a significant influence on the dependent variable (Wasserman and Faust; 1994;
Hanneman and Riddle, 2003). All the other independent variables have P values higher than
0.05, which suggests thev are not significantly correlated with the dependent vanable of

winning ratio in the voting process.
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Regraession modelling vesults (dependent varible: winming ratio)

Adjusted R-
R-Square |Square
763 756

Sample Size 216

Standard Sig.
Coefficients |Error (P value)

Constant 1.153 225 .000

Control variable Votes 3633 001 .000
Control variable Appreances in Vote -2.523 001 000
Control variable Edits 038 001 .386
Control variable Voter Engagement 009 95 695
Control variable Editor Engagement -.336 098 015
Control variable Size of Project 012 093 925
Hypothesis 1a Voter Inactivity .299 .063 .001
Hypothesis 1b Editor Inactivity -.125 033 .005
Hypothesis 2a Voter Isolation -.365 .055 .003
Hypothesis 2b Editor Isolation -.233 116 009
Hypothesis 3a Voter Betweenness 283 036 008
Hypothesis 3b Editor Betweenness 292 053 006
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5. Discussion

As discussed 1n the Introduction, this study was motivated by three research gaps: the need to
determine (a) the collective process in online ideation; (b) how ideaz evolve based on
collective processes; and (c) what factors affect the successful collective generation of ideas
on online platforms. The following discussion focuses on how the findings of this study
address these three gaps. Then, it highlights this study’s contributions to theories and

compares this studyv’s findings with those of prior studies.

First, consistent with previous theories considering ideation as a process of creation,
modification, voting and selection (Lindic, et al, 2011; Majchrzak and Malhotra, 2013;
MNakatsu et al., 2014), this study investigates online ideation as consisting of “idea creation’,
‘tdea editing’, “idea voting” and “idea ranking’. In particular, the Codigital ideation platform
enables us to investigate the as-vet under-theorised process of collective 1deation by studving
participant interactions during idea editing, voting and ranking. A detailed description of the

collective process 1n the Codigital 1deation tool 1s attached 1n Appendix 2.

Second, this study contributes to understanding how ideas evolve based on collective
processes. This study suggests that idea voting 15 influential on idea gquality; in contrast, idea
creation and editing are less likely to influence idea quality. The results do not show a
significant correlation between inactive participants, isolated participants and centralities and
winning ratios in 1dea editing and creation. Previous research (Stephen et al., 2016; Figueroa
and Pérez, 2018) has suggested that idea creation, editing and voting are the key activities
wvolving clickworkers and online platforms; therefore, inactivity, 1solation and centralities in
these three ideation activities are crucial to idea guality. However, this study suggests that

only inactivity, isolation and centralities in idea voting can influence idea qualitv, while
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inactivity, 1solation and centralities in idea editing and creation do not. As previous research
has suggested. ideation projects using online ideation platforms can face difficulties in
motivating isolated and inactive participants and encouraging teamwork among active and
inactive participants (Bonabeau, 2009). Similar to this finding about participants in editing
activities, inactivity, isolation and centralities in editing activities are unlikely to contribute to
ideation projects using online platform and clickworkers. Inactivity and isolation in editing
are not significantly correlated with the winning ratio. Motivating participants relies on
teamwork 1n idea generation, which clickworkers usually do not have (Wagner and
Majchrzak, 2006; Jeppesen and Lakhani, 2010; Foss et al., 2011). Therefore, there 1z more
competition among participants to reach higher idea rankings, and less collaboration since
each clickworker works independently (Perry-Smith and Mannueer, 2017). Thus, this study
suggests that when ideas evolve based on collective processes, idea editing and creation are
unlikely to contribute to idea quality in ideation projects using online platforms and

clickworkers.

Third, this studv provides insights to what factors affect the successful collective generation
of 1ideas in online platforms by specifving the types of 1deation behaviours that are beneficial
on a collective online ideation platform. In particular, this study suggests the following:

1. Ideas voted or edited by inactive participants tend to have lower winning ratios (the result

supports Hypotheses 1a and 1b).

b2

[deas voted or edited by 1solated participants tend to have lower winning ratios (the result
supports Hypotheses 2a and 2b).
3. Ideas connecting other ideas in the network tend to have higher winning ratios (the result

supports Hypotheses 3a and 3b).
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First, participant inactivity in voting and editing 13 negatively associated with ideas’ winning
ratios i the voting process, which suggests a negative influence on the winning ratio. Unlike
in prior research (Bonabeau, 2009; Stephen et al., 2016). this study treats participant
inactivity as a continuous variable Instead of setting a boundary determining how tnany
connections participants should have in order to be labelled “tnactive’ or “not inactive’, in this
study a participant 1s either “less inactive | ‘more inactive’, or “equally inactive’ compared to
another participant. Then, regression modelling compares all the ideas™ winning ratios in
voting against their voters’ level of activity. The results show that 1deas voted on by mactive
participants are more likely to have lower winning ratios in the voting process. This is the
opposite to the proposed hypothesis, and suggests a negative influence of a participant’s
mactivity. Previous research considered inactive participants as having negative influences on
idea quality (Bonabeau, 2009). This study confirms that inactive participants have negative
effects on online idea quality. Inactive participants probably focus on their own ideas and
make few contributions to other ideas. Stephen et al. (2016) suggest that highly active
participants can improve the innovativeness of ideas, since they can be influenced by the
other ideas thev voted on and edited previously. Previous research also suggests that
participants’ involvement is about involving not only experts and active participants but also
inactive participants who may provide different ideas (Vaast, 2007). Thus, this study suggests

that inactive participants can negatively contribute to idea quality.

Second, participant i1solation i voting and editing 1s negatively associated with ideas’
winning ratios in voting, which suggests a negative influence on winning ratios. Ideas voted
on by isolated participants tend to have higher idea gquality. Similar to participant inactivity,
this study treats participant isolation as a continuous variable, so that a participant i1s either

‘less isolated’. ‘more isolated’, or “equally isolated” when compared to another participant.
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The results show that ideas voted by isolated participants are more likely to have lower
winning ratios. This iz the opposite to the proposed hypothesis, suggesting a positive
influence of participant 1solation. Research (Suh and Shin, 2010; Suh et al., 2011) 1n the area
of margmalised actors in ideation has suggested that isolated participants usually have
different values and levels of knowledge; they have diverse ideas and combine them into
better ideas in collective ideation, so that a positive mnfluence of isolated participants 1s
expected. However, this studyv’s findings show that 1solated participants tend to have negative
effects. Also, previous research has suggested that the connectivity of participants relies on
interpersonal connections (knowing each other) in idea generation (Wagner and Majchrzak,
2006; Jeppesen and Lakhani, 2010; Foss et al., 2011). Then, participants can be “introduced’
through interpersonal connections, so that their 1deas can be combined with other participants’
ideas into better ideas (Perrv-5mith and Mannuceci, 2017). However, there is usually a lack of
interpersonal connections among clickworkers (Bonabeau, 2009); thev are unlikely to know
each other, with the result that participants are not able to be introduced and actively involved.
Bonabeau (2009) also suggested this as an issue in using online ideation platforms:
motivating participation and orgamising teamwork among active participants and isolated
participants with diverse knowledge. Online ideation platforms have an advantage in
connecting a large number of participants through the Internet; however, 1t 1s difficult to
motivate them during online ideation projects. In this situation, some participants remain
1solated, with the result that their knowledge iz not able to be combined into ideas proposed
bv other participants. Isolated participants can reduce idea quality. In addition, participant
1solation means participants are doing different things from the others. When it comes to idea
voting, such isolated participants usually vote “ves’ for ideas voted “no’ by the others, so that
these ideas usually have low winning ratios. Therefore, this studv argues that isolated

participants do not have a positive influence on idea quality; instead. they have a negative
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influenice.

Third, the betweenness centrality in voting and editing 1s positively associated with ideas’
winning ratios in voting, which suggests a positive influence on winning ratios. Previous
research (Bydrk and Magnusson, 2009; Camacho et al | 2019) suggested that participants with
higher centralities can positively contribute to idea quality. However, in the context of
ideation using online platform and clickworkers, this study suggests that only the
betweenness centrality has a positive effect on idea quality. Previous research has suggested
that the successful use of online platforms and clickworkers can provide non-hierarchical
structures of teamwork among participants (Eohrbeck et al | 2009); however, such non-
hierarchical structures usually lack leadership to motivate isolated participants (Vaast, 2007;
Berg  2016). In other words, there 1s no formal leader in these projects to activate and connect
participants 1n ideation activities, even if these participants are unknown experts with
different knowledge and value. Thus, thiz study suggests that only the betweenness centrality,
(which represents connectivity between ideation activities) has a positive effect on idea
guality. Table 11 highlights how this study contributes to previous theories in the area of the

use of online ideation platform and summarises the discussion above.

Table 11

Contributions to previous theories in the use of online ideation platform

Related area Contribution of this study

Related area: +« Previous research (Bonabeau, 2009) suggested that ideation
inactive participants projects using online ideation platforms can face difficulties in

motivating inactive participants and encouraging teamwork with
them; therefore, inactive participants are considerad toc be
negative influences.

« This study argues that there i1 a positive effect of inactive

participants on online idea quality.
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Related area:  Previous research (Suh and Shin, 2010; Suh et al, 2011)
isolated suggested that isolated participants usually have different values
participants and levels of knowledge, so that they can have diverse ideas

and combine them into better ideas in collective ideation.
» This study argues that there is a negative effect of isolated

participants on idea quality.

Related area: + Previous research (Bjork and Magnusson, 2009; Camacho at al |
centralities 2019) suggested that centralities of participants’ ideas are
positively associated with idea quality in ideation.

+ This study argues that only the betweenness centrality has a

positive effect on idea quality.

To highlight how this study contributes to theories, this research compares the results with
previous research in the use of online ideation platforms (see Table 12). Bonabeau (2009)
studied the use of Web 2.0 and Wikipedia and suggested ideation projects using online
ideation platforms can face difficulties in motivating marginalised participants and
encouraging teamwork betweesn active participants and marginalised participants. This
study’s findings confirm this point and add the positive effect of nactive participants and the
negative effect of isolated participants. Malone et al. (2010) suggested the use of
clickworkers needs to be managed and questioned the efficiency of using clickworkers. Also,
Svobodova and Koudelkova {2011) were concerned about the management of ideation in
terms of clickworker involvement; they suggested future research needs to focus on
clickworkers as networks 1n 1deation. To unprove understanding of the use of clickworkers,
this study’s findings suggest that the negative effect of marginalised participants can reduce
the efficiency of using clickworkers. Figueroa and Pérez (2018) recommended future
research into the key factors mfluencing the outcomes of using clickworkers and online
platforms bv a case studv of Big-Data ecosystems. This study contributes to this by
suggesting that 1solated clickworkers 1n voting have a negative influence on the outcomes. In

addition, Malone and Klein (2007) suggested that future research need to focus on platforms,
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especially, how clickworkers and technologies work in collective ideation activities among
participants in idea generation. Similarly, Lévy (2010) and Yu et al. (2018) highlighted the
importance of voting and co-editing. To fill this gap, this study’s findings add details about
voting and co-editing among participants by presenting network snapshots. McHugh et al.
(2016) suggested a positive relation between individual intelligence and ideation outcome
quality and recommended that future research focus on inter-individual factors (collective
ideation activities between individuals), which can influence the use of ideation outcomes. To
fill this gap, this study analysed online ideation projects as networks at the inter-individual
level and added marginalised participants as a negative inter-individual factors in of online
idea generation. Camacho at al. (2019) suggested that the higher the clickworkers™ activity
intensity, the higher the quality of ideas; they concluded that the effect of clickworkers’
activity intensity on idea quality is the most important factor. However, this study suggests
that the number of edits has no effect and 1s not an important factor. Stephen et al. (2016)
suggested that a high level of collaboration among clickworkers™ activities can reduce the
innovativeness of ideas. Similarly, Kornish and Ulrich (2011) suggested that a higher number
of edits leads to similar ideas, and similar ideas are not usually the most valuable ones. In
addition, Girotra et al. (2010) also suggested clickworkers working individually generate
more and better ideas than those working together. However, this study suggests the opposite;
the editing network snapshots show that co-editing has a positive effect on winning ratios in
voting. Table 12 summarises the discussion above and compares this studv's findings with

those of previous research with regard to the use of online ideation platforms.
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Collective Idea Generation on an Online Platform:

Table 12

An Analysis of User Interactions on a Clickworkers' Platform

Comparison af this study 5 findings and the previous research in the use of online ideation platform

Authors

Cases/survey/

experiment

Points confirmed, added or argued by this study

Bonabeau (2009)

The use of Web 2.0 and
Wikipedia

Related area: Marginalised participants

Bonabeau (2009) suggested ideation projects using online ideation platforms can face
difficulty in motivating marginalised participants and in encouraging teamwark
between active participants and marginalised participants.

This study’s findings confirm this point and add the negative effect of marginalised

participants.

Malone, Laubacher and
Dellarocas (2010)

Google, Wikipedia and

Threadless

Related area: Marginalised participants

MMalone, Laubacher and Dellarocas (2010) suggested the use of clickworkers needs to
be managed, and questioned the efficiency of using clickworkers.

This study's findings suggest the negative effects of marginalised participants can

reduce the efficiency of using clickworkers.

Svobodova and
Koudelkova (2011)

Figuerca and Pérez
(2018)

Pfitzer and IBM Lotus

Domino

The use of Big-Data

ecosystem

Related area: Marginalised participants

Svobodova and Koudelkova investigated the process of ideation in terms of
clickworker involvement and motivation. Future research needs to focus on
clickworkers as networks in the ideation process.

This study analysed clickworkers' involvement as networks and suggests the negative
effects of marginalised participants.

Related area: Voting and editing behaviour

Figueroa and Pérez (2018) recommended future research into the key factars
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Malone and Klein

Climate Collaboratorium

influencing the cutcomes of using clickworkers and online platforms.
This study suggests that voting and editing have positive effects on the idea ranking
positions.

Related area: Voting and editing behaviour

(2007) and Cisco MMalone and Klein (2007) suggested that future research need to focus on platforms,
especially, how clickworkers and technologies work in the process of idea generation.
This study’s findings add details about voting and editing behaviours in the process of
idea generation.

Levy (2010) IEML (Infarmation Related area: Voting and editing behaviour

Yu, Chai and Liu (2018)

Economy

MetalLanguage)

Zhihu, Douban and
Netflix

Léwvy (2010} highlighted the importance of competition and collaboration.

This study’s findings add details about voting and editing behaviours among
participants.

Related area: Voting and editing behaviour

Yu, Chai and Liu concluded that future research needs to focus on how to optimise the
online ideation process rather than on the technology itself.

This study suggests that voting and editing have positive effects on online ideation

outcomes.

McHugh et al. (2016)

Google

Related area: Voting and editing behaviour

McHugh et al. (2016) suggested a positive relation between individual intelligence and
ideation outcome quality. Future research need to focus on the inter-individual factors
(collective ideation activities between individuals) which can influence the use of
ideation outcomes.

This study’s findings add voting and editing behaviours as positive factors in idea
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generation.

Boudreau and Lakhani
{2013)

Apple, Kaggle and IEM

Related area: Voting and editing behaviour

Boudreau and Lakhani (2013) suggested two approaches to the use of clickworkers in
ideation: (&) competition; and (b) collabaration,

This study adds that there are three types of centralities in voting and editing, and

betweenness centrality has positive effects on online ideation outcomes.

Camacho et al. (2019)

Stephen, Zubcsek and
Goldenberg (2016)

Case 1: Longitudinal
Classroom Experiment
with Erasmus School of
Economics

Case 2 Study 2: ESE
Innovation Tournament
Case 3: Survey with

4 773 innovation
managers

Five experiments
(ideation tasks) with 326
participants

Related area: Editing behaviour

Camacho et al. suggested that the higher clickworkers’ activity intensity, the higher the
guality of ideas. More importantly, the effect of clickworkers™ activity intensity on idea
guality is the most important factor.

This study confirms that the number of edits has a positive effect. However, it is not
the most important factor. The most important factor is competition in the voting

process.

Related area: Editing behaviour

Stephen, Zubcsek and Goldenberg suggested that a high level of collaboration among
clickworkers’ activities can reduce the innovativeness of ideas.

This study suggests the opposite: collaboration in editing has a positive effect on idea

ranking positions.

Kornish and Ulrich
{2011)

Experiment (ideation
tasks) in classroom with

1,368 participants and

Related area: Editing behaviour
Kornish and Ulrich suggested that the higher number of edits leads to similar ideas,

and similar ideas are not usually the most valuable ones.
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279 ideas

This study suggests the opposite: the number of edits has a positive effect on idea

ranking positions.

Girotra, Terwiesch and
Ulrich (2010)

Experiment (ideation
tasks) in classroom with
44 participants and 443

ideas

Related area: Editing behaviour

Girotra, Terwiesch and Ulrich suggested clickworkers working individually generate
more and better ideas than those working together.

This study suggests the opposite: collaboration in editing has a positive effect on idea

ranking positions.
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6. Managerial implications

This study has two managerial implications for online ideation using clickworkers: what
types of ideation behaviours are (a) beneficial and (b) not beneficial to 1dea quality. First,
inactive participants and betweenness centralities in voting are beneficial to idea quality. This
suggests that future online ideation projects should not control the number of votes from each
participant. There 15 no need to set a minimum number of votes, since inactive participants
can be verv decisive about which idea thev want to vote for Also, findings about
betweenness centralities suggest that future online i1deation projects should pay attention to
those 1deas with a large portion of votes from the same participants. Ideas voted by the same
group of participants are usuallv similar and have competition between each other during

their evolution processes, so that thev result in better quality.

Second, future online ideation projects should disregard 1solated participants 1n voting, since
ideas voted by them tend to be of lower quality. Also, future online ideation projects do not
need to pay much attention to thactivity, 1solation and centralities in 1dea creation and editing,
since they do not influence 1dea qualitv. Previous research (Bonabeau, 2009) showed that
online ideation platforms can face difficulties in motivating isolated and inactive participatts.
However, this study suggests that future ideation projects only need to pay attention to
1zolated and inactive participants in voting rather than in all collective ideation activities.
Owerall, future ideation projects do not need to pay attention to isolated participants, inactive
participants, and centralities in 1dea creation and editing, since they do not influence idea

quality.
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7. Limitations and future research

This study only takes idea quality into account. The results of ideation can also be measured
in different ways. For example, thiz study is not able to distinguish between radical and
incremental changes in idea editing. Further research can be carried out to improve our model
using semantic analysis. Each participant’s contribution mn editing can be compared with the
changes they made to the ideas. This can provide further insight about editing activities.
Another future research direction s related to the nature of ties in networks. Communication
among participants can also be considered ties in networks. The information exchange ties
can alzo be classified according to the content of information. For example, this can include

editing-related information, proposing new i1deas and confirmation of new 1deas.

This study’s findings are incapable of explaining why some online ideation projects fail.
Ideation platforms bring together people with different knowledge and skills and facilitate the
process of exchanging information and making ideation happen. Ideation project failure could
be caused by excessive competition, certain kinds of changes, or simply just accidents. Game
theory may help to resolve the first reason. The other two might still need input from

qualitative research.

Future studies of ideation will generate more wvaluable insights regarding collective IT
ideation, especially, the influences of 1solation, mactivity and centralities on ideas generated
within IT platforms. This study might have over-simplified complex ideation activities into
the repetition of ideation creation, editing and voting. The content of each participant™s action
1s not the same. There could a more detailed classification about activities with ideation

creation, editing and voting.
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Also, everyone in 1deation projects contributes to the process of turning ideas into better 1deas
bv using their knowledge and skills. Each participant’s action adds new information to the
ideas. The structure of the network 1s represented by numbers. Network data usually are
binary data, containing only 0 and 1. with 0 representing no tie between people and 1
representing a tie. Any number between 0 and 1 can be considered a probability in modelling.
Thus, it 15 possible to use stochastic modelling to predict a participant’s next move with a

large dataset.

Future research can also improve this study's model with more data across different sections
and contexts. The results of this research show the importance of isolation, nactivity and
centralities in two online ideation projects. These results can be further generalised with
similar data from different business contexts. In terms of network theory, further research can

cover the area of network dvnamics, structure and influence.

It 1s possible to carry out a simulation of network dynamics with a large data set of over 1000
samples. This can offer a prediction of the sequence of ideation activities. This study used
data based on two completed ideation projects. A large data set with more time points in the
data can enable this kind of research. This will provide more detailed information about how
ideas evolve. Network dyvnamics has been a cutting-edge area in network science, and a large
data set can be used for analysis of network dynamics to determine more regular patterns of

1dea evolution.
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8. Conclusion

Previous research has highlighted the importance of such factors as participants’ experiences,
intelligence and accessibility to idea-related information (Lingo and O Mahony, 2010; Perry-
Smith and Mannucci, 2017). These factors are limited to explaining individual idea creation
rather than collective idea generation. However, idea generation results are usuvally decided
by the collective evolution of ideas, for example, through idea editing and voting {Tsoukas,
2009; Anderson et al., 2014). These processes are increasingly enabled by IT platforms, but
our knowledge about collectively generating ideas, as well as factors which influence these,

has remained limited.

This study highlights theory gaps in (a) isolation and inactivity in participants’ involvement,
and (b) centralities in participants” involvement. This study 1s limited in that 1t focuses only
on interpersonal factors and does not include technological factors and individual
characteristics, such as creativity, motivation and experiences. Orgamisational IT and
network-based information technologies enable new ideation practices within organisations
(Vaast, 2007; Lindic et al., 2011) whereby a variety of previously distant participants are
connected for the purpose of idea generation (Afuah and Tucc1,2012; Suh et al., 2011; Perrv-
Smith and Mannuceci, 2017). Idea generation IT platforms here not only provide online
connections among participants, but also provide the environment. Collective ideation
activities create social networks in idea editing and voting. However, the structures of these
networks have not been considered in existing studies. Therefore, this research contributes to

theories about the structures of collective ideation activities in online idea generation.
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Appendix 1: Networks with both ideas and participants

Network snapshots

Figure Al and A2 present the network snapshots in terms of the votes from all participants in
each project. The nodes are participants and ideas. To distinguish the participants and i1deas,
the grey circle nodes present participants. And the blue square nodes represent ideas. The
lines are votes. The participants are located in the periphery in the snapshots. And 1deas are
located in the center. The size of idea node represents the winning ration in vote. The bigger
size 15 the more votes won for that 1dea. Similarly, the size of participant node represents the
number of votes voted by the participant. The ideas received large numbers of votes are

located in the center. And the ideas received little votes are located at the right bottom corner.
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Figure Al Project 1 overall vote activities

Ideation topic: "What should our global New Year resolutions be?"

83 participants 42 i1deas generated 1052 votes

. Participant, size represents number of votes Idea, size represents winning ratic in vote
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Figure A2 Project 2 overall vote activities
Ideation topic: "What measures would you recommend to ensure the safety of young people

on social media?

325 participants 174 1deas generated 5220votes

B AR RS L,

. Participant, size represents number of votes Idea, size represents winning ratic in vote
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Figure A3 and A4 present the network snapshots about editing activities in each project.
Similar to the previous snapshots, the nodes are participants and ideas. To distinguish the
participants and ideas, the greyv circle nodes present participants. And the blue square nodes
represent ideas. Different to the previous snapshots, the lines are edits rather than votes. The
size of 1dea node represents the winning ratio in vote. The size of participant node represents

the number of edits by the participant.

Figure A3 Project 1 overall editing activities

Ideation topic: "What should our global New Year resolutions be?”
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‘ Participant, size represents number of edits Idea, size represents winning ratic in vote
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Figure A4 Project 2 overall editing activities
Ideation topic: "What measures would you recommend to ensure the safety of voung people

on social media?"

. Participant, size represents number of edits Idea, size represents winning ratic in vote

101



102

Appendix 2: Co-digital ideation platform

The Co-digital ideation tool consists of four parts, “idea creation’, “idea edit’, “idea vote’, and
‘rank ideas’. These four parts are consistent with previous theories considering ideation as
consisting of creation, modification, voting, and selection (Lindic, et al., 2011;Majchrzak and
Malhotra, 2013; Nakatsu et al., 2014). The Co-digital ideation tool is consistent with thesze
studies suggested. Idea creation 13 represented by ‘add ideas™ in the Co-digital ideation tool.
Modification, equivalently, idea edit consists of “edit ideas™ and “vote edits’ in the Co-digital
ideation tool. Idea voting is “vote ideas” and idea selection 18 through ‘rank ideas™ in the Co-
digital ideation tool. Thus, the Co-digital ideation tool adheres to the description of an

effective idea generation online platform based on existing literature.

At first, “1deas generated by participants’ means ideas created and added by individual
participants for a specific idea generation topic on Codigital platform (see an example in
Figure AS). These ideas can be presented by using texts and pictures. Further, “the number of
1deas generated by participants’ means how many ideas created and added to the platform by

individual participants.
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Figure A5 Examples of ideas created by participants

g A New kgea

Yiour idea will then b ranked by
e group

“Wotes on the generated 1deas’ means votes by indrvidual participants to decide which i1dea 1s
the best (see Figure A6). In voting, deals compete for survival in pairs. The ideas with more
‘likes™ will stay in the next round. This 1s repeated until each project finish time and the ideas
are ranked by number of votes recerved. Further, “the number of votes on the generated 1deas’

means how many votes on all the generated 1deas by individual participants.
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Figure A6 Examples of votes on the generated 1deas
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‘Edits on the generated ideas’ means edits on participants” own ideas and edits on each
other's ideas (see an example in Figure A7). Participants can improve their ideas with

modifications. Also, ideas can be modified and improved through the collaborations between
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participants. Further, “the number of edits on the generated i1deas’ means how many edits on

all the generated ideas by individual participants.

Figure A7 An example of edits on the generated 1deas
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Finalised ideas are voted to decide which one is the best. Each idea competes with the others
through voting. Idea vote encourages competition in refining ideas. Then 1deas compete for
survival in pairs. The ideas with more “likes” will stay in the next round. This 1s repeated and

statistical analysis of all these 1dea pair competitions identifies the best 1deas.

Codigital 1s be used as the platform for the co-ideation and formulation. The participants will
produce ideas to “solve” or address problems by using the Codigital platform. The ideas will

be open to editing by others across the participants, and ideas will be ranked for quality of
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idea (1= it a good 1dea) and implementability (can it be implemented). While the best 1deas
will be implemented, the focus of this study 1s ideation rather than the actual implementation

(see Figure AS).

1dea e Idea Idea
Idea modification selection implementation

creation

Figure A8 Collective 1deation and 1dea implementation

In sum, the Co-digital 1deation tool consists of four parts, “1dea creation’, “i1dea edit’, * idea
vote’, and ‘rank ideas’. These four parts are consistent with previous theories considering

ideation as consisting of creation, modification, voting, and selection (Lindic, et al | 2011;

Majchrzak and Malhotra, 2013; Nakatsu et al | 2014).
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Appendix 3: Network analysis

Stage 1 Generating networks

In order to generate vote, edit, and creator networks, three tables need to be extracted from
the data. Thev are: 1) a vote table with a column of voter and a column of ideas each voter
voted, then each row 15 “who voted to which 1dea’. 2) A edit table with a column of editor and
a column of 1deas each editor edited, then each row 15 “who edited which idea’. 3) A creator
table with a column of idea creator and a column of ideas each creator created. then each row

15 “who created which idea’. These three tables can be done by copy paste from the data.

Each table generated in the previous step can be loaded into Ucinet software to be
transformed into a 0/1 matrix. For example, Person A voted to both Idea a and b, Person B
voted to idea b only (see Figure A9). In network data, this network 1s coded as a matrix with
Person A, and B, and Idea a and b as both column and row. If there i3 a connection between
two of them. there 15 1 at the intersection. If not, there 12 0 at intersections. Then, networks
can be drawn based and calculated based on the numbers in the matrix. These networks of
participants and ideas are attached in Appendix 1. Then, they can be transformed into
networks consists of ideas as nodes and votes, edits and creations by the same participants as

ties. This can be done by using 2 mode network function in Ucinet.
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Figure A% Network data

| Person A Ideaa Ideab | Person B
Person A 0 1 1 0
Ideaa 1 0 0 0
Idea®b 1 0 0 1
Person B 0 0 1 0

Network generated by the data above

Network
Person &
/ .\
—0
Idea 1 Idea 2 Perzon B

Stage 2 Calculating variables

After the networks are generated, centralities can be calculated. Betweenness, closeness and
eigenvector centrality can be calculated by using the centrality function in Ucinet (see Figure
Al10). The isolation and inactivity can be calculated by using the isolation and inactivity
function in Ucinet. The number of votes, edits each idea received can be calculated by using
connection count function in Ucinet. Similarly, the number of ideas created by each

participant can be calculated as well. The number of votes, edits each idea recerved can be
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calculated by using connection count function in Ucinet. Similarly, the number of ideas
created by each participant can be calculated as well. Size of each project (the number of
participants) can be calculated by using nodes count function in Ucinet. The total number of
votes and edits can be calculated by using connection count function in Ucinet. Then vote
engagement and edit engagement can be calculated by the total number of votes/ the number

of participants and the total number of edits/the number of participants.

Figure A10 Generating centralities, 1solation and inactivity using Ucinet
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Idea appearances in vote can be counted by using excel. Similarly, times of wins and losses
can be counted by using excel, then calculate winning ratio of each idea (times of
wins/losses). Then, the table containing idea appearances and winning ratio (generated in the
last step) can be merged with the rest of the data. This can be done by using vlook function in
Excel. And it 1s necessary to check whether the sample size is consistent in these two tables
and avoid missing data. To avoid the size differences between two 1deation projects, the data

needs to be normalised. To do this, this study deducts the minimum value of the variable, and
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then divided by the difference between the maximum value and the minimum value (Cronk,

2019).
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